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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The Bahia hall group of two trains formed so that between said initiative body whorls 
might be electrically connected at intervals of below cutoff wave length in the initiative body whorl 
and the direction of signal transduction of the pair formed in parallel on both sides of the dielectric is 
provided. The dielectric-waveguide track characterized by forming the slot hole for making one [ at 
least ] initiative body whorl carry out an electromagnetic coupling to the RF transmission line in the 
dielectric-waveguide track which transmits an electrical signal by the waveguide field surrounded by 
said initiative body whorl and said Bahia hall group. 

[Claim 2] The dielectric-waveguide track according to claim 1 characterized by coming to be formed 
in the location which stands face to face against said slot hole by said RF transmission line 
consisting of a microstrip line. 

[Claim 3] The dielectric-waveguide track according to claim 1 characterized by coming to be formed 
in the initiative body whorl in which said slot hole was formed by said RF transmission line 
consisting of a KOPURENA track. 

[Claim 4] The initiative body whorl of the pair by which was been a wiring substrate possessing a 
dielectric substrate, a dielectric-waveguide track, and a microstrip line, and said dielectric-waveguide 
track was formed in parallel on both sides of the dielectric, and the slot hole was formed at least in 
one side, While providing the Bahia hall group of two trains formed so that between said initiative 
body whorls might be electrically connected in the direction of signal transduction at intervals of 
below cutoff wave length The wiring substrate characterized by carrying out the electromagnetic 
coupling of said dielectric-waveguide track and said microstrip line by forming said microstrip line 
in the location which stands face to face against said slot hole. 

[Claim 5] The initiative body whorl of the pair by which was been a wiring substrate possessing a 
dielectric substrate, a dielectric-waveguide track, and a KOPURENA track, and said dielectric- 
waveguide track was formed in parallel on both sides of the dielectric, and the slot hole was formed 
at least in one side, While providing the Bahia hall group of two trains formed so that between said 
initiative body whorls might be electrically connected in the direction of signal transduction at 
intervals of below cutoff wave length The wiring substrate characterized by carrying out the 
electromagnetic coupling of said dielectric-waveguide track and said KOPURENA track by making 
said KOPURENA track connect with said slot hole in the initiative body whorl in which said slot 
hole was formed. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to wiring substrates, such as a multilayer- 
interconnection substrate, a semiconductor package, etc. possessing the dielectric-waveguide track 
for mainly transmitting the signal of RFs, such as microwave and a millimeter wave, and it. 
[0002] 

[Description of the Prior Art] Conventionally, as a track for transmitting the signal of the RF of 
microwave or a millimeter wave, the coaxial track, the waveguide, the dielectric waveguide, the 
microstrip line, etc. are known. 

[0003] Moreover, by recently, in the wiring circuit, two or more arrangement of the track where 
classes differ is carried out, the joint technique of these mutuals is needed, and various approaches 
also as the joint approach are reported. For example, association of a coaxial track, a waveguide, or a 
dielectric waveguide inserts the signal line of a coaxial track into a waveguide, and is combined. In 
addition, association with the strip line and a microwave track is performed by the electromagnetic 
coupling. 
[0004] 

[Problem(s) to be Solved by the Invention] It continues till recently, and to form a dielectric 
waveguide with a laminating technique in the wiring substrate of multilayer structure is desired, for 
example, a dielectric substrate is pinched by the initiative body whorl of a pair in JP,6-5371 1,A, and 
the waveguide track in which the side attachment wall was formed is proposed by the Bahia hall 
group arranged by two trains which connect between conductor layers further, the false conductor 
according [ this waveguide track ] the four way type of dielectric materials to the initiative body 
whorl and the Bahia hall group of a pair - surrounding with a wall ~ a conductor — the Kabeuchi 
field is made into the track for signal transduction. 

[0005] When mainly using as the transmission line of the ceramic multilayer substrate for 
microwave and millimeter waves, or a semiconductor package, the dielectric-waveguide track of the 
laminating mold arranged in the interior of such a wiring substrate Although it is possible to connect 
through the microstrip line and KOPURENA track which are formed in a substrate front face in 
order to connect with IC component and the RF component which were mounted in the substrate 
front face Until now, the present condition was that the joint structure of the above-mentioned 
laminating mold dielectric- waveguide track and other transmission lines is not examined concretely. 
[0006] However, there are the following troubles in the track of these former. First, although the 
strip line or a microstrip line is very simple for the configuration and it is suitable for production by 
the lamination technique, there is a trouble that a transmission characteristic deteriorates, with a 
millimeter wave band 30GHz or more. 

[0007] On the other hand, although the waveguide is very excellent in the transmission 
characteristic, there is a fault that it is large in size. For example, even if it is standard 60GHz 
rectangular waveguide of**, the bore is 3.76mmxl.88mm and is too large for applying to the 
multilayer substrate or semiconductor package for microwave or millimeter waves. On the other 
hand, when the dielectric waveguide with which the dielectric was got blocked in the interior sets 
specific inductive capacity of a dielectric to epsilon, waveguide size is l/epsilonl/2. Since it 
becomes, size of a waveguide can be made small by using a dielectric with large specific inductive 
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capacity, however — fundamental — the outside of a dielectric — a conductor ~ since it needed to be 
covered with the wall, it was difficult to produce with a lamination technique. 
[0008] Moreover, the waveguide track using the dielectric substrate shown in JP,6-5371 1,A is 
excellent in the point of aiming at improvement in productivity while attaining the unification with a 
dielectric substrate and a waveguide. However, there was a problem of changing a transparency 
properly by slight fluctuation of the frequency to be used. Moreover, the frequency to be used is 
restricted in order to apply to a multilayer substrate or a semiconductor package, when the specific 
inductive capacity of a dielectric substrate is low. For example, it is unrealizable unless it is RF 
region about 100GHz or more, in order to set transmission-line width of face to 1mm or less. 
Moreover, since many dielectric substrates had the large dielectric dissipation factor, they had the 
trouble [ structure / waveguide ] that dielectric loss was very large. 

[0009] Therefore, the purpose of this invention is available as the transmission line in a multilayer 
substrate or a semiconductor package, and is to offer a producible dielectric-waveguide track and a 
wiring substrate easily using a lamination technique. 
[0010] 

[Means for Solving the Problem] As a result of repeating examination about the joint structure of the 
dielectric-waveguide track of a laminating mold, and other transmission lines, artificers form a slot 
hole in a part of initiative body whorl in a dielectric-waveguide track, and find out that it is 
combinable by confronting other transmission lines through this slot hole. 

[001 1] Namely, the initiative body whorl of the pair by which the dielectric-waveguide track of this 
invention was formed in parallel on both sides of the dielectric, The Bahia hall group of two trains 
formed so that between said initiative body whorls might be electrically connected in the direction of 
signal transduction at intervals of below cutoff wave length is provided. It is characterized by 
forming the slot hole for making one [ at least ] initiative body whorl carry out an electromagnetic 
coupling to the RF transmission line in the dielectric -waveguide track which transmits an electrical 
signal by the waveguide field surrounded by said initiative body whorl and said Bahia hall group. 
[0012] Moreover, in the wiring substrate possessing a dielectric substrate, said dielectric-waveguide 
track, and a microstrip line, it is characterized by carrying out the electromagnetic coupling of said 
dielectric-waveguide track and said microstrip line by forming a slot hole in one [ at least ] initiative 
body whorl of said dielectric-waveguide track, and forming said microstrip line in the location which 
stands face to face against said slot hole. 

[0013] Moreover, in the wiring substrate possessing said dielectric-waveguide track and a 
KOPURENA track, a slot hole is formed in one [ at least ] initiative body whorl of said dielectric- 
waveguide track, and it is characterized by carrying out the electromagnetic coupling of said 
dielectric-waveguide track and said KOPURENA track by making said KOPURENA track connect 
with said slot hole in the initiative body whorl in which said slot hole was formed. 
[0014] 

[Embodiment of the Invention] Hereafter, this invention is explained, referring to a drawing. 
Drawing 1 is an outline perspective view for explaining one example of the dielectric-waveguide 
track of this invention. As for a dielectric substrate, and 2 and 3, in drawing 1 , 1 is [ an initiative 
body whorl and 4 ] the Bahia halls. 

[0015] According to drawing 1 , on both sides of the dielectric 1, the initiative body whorls 2 and 3 
of a pair are formed in parallel with the predetermined spacing a. The initiative body whorls 2 and 3 
are formed in the whole surface of the vertical side of a dielectric 1 which faces across a track 
formation location at least. Moreover, between the initiative body whorl 2 and 3, many Bahia halls 4 
which connect the initiative body whorls 2 and 3 electrically are formed. Bahia hall 4 group has the 
predetermined spacing b, and is arranged by two trains, and each of the Bahia hall has the 
predetermined spacing c in the direction of signal transduction, i.e., the track formation direction, 
and is formed in it. 

[0016] In this structure, although there is especially no limit to the predetermined spacing a, in using 
by the single mode, to said spacing b, it is good to consider as about b/2 and 2b extent, and the 
predetermined spacing c forms the electric wall by being set as spacing below cutoff wave length. 
[0017] Since a TEM wave can be spread between the initiative body whorl 2 of a pair set in parallel, 
and 3, if the spacing c of the Bahia hall 4 is larger than cutoff wave length lambdac, even if it 
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supplies electric power to this track in an electromagnetic wave, it will not spread along with the 
false waveguide made here. However, if the Bahia hall spacing c is smaller than electric shielding 
wavelength lambdac, an electromagnetic wave cannot be perpendicularly spread to the transmission 
line, but it will be spread in the direction of the transmission line, reflecting. Consequently, 
according to the configuration of drawing 1 , the field A of the size of cross-section axb surrounded 
by the initiative body whorls 2 and 3 and many Bahia hall 4 groups serves as the dielectric- 
waveguide track 5. 

[0018] in addition, the false conductor arrange Bahia hall 4 group not only in two trains but in four 
trains or six trains, and according to the Bahia hall 4 — forming a wall in a duplex and Mie — a 
conductor ~ the leakage of the electromagnetic wave from a wall can be prevented more. 
[0019] Moreover, in this dielectric-waveguide track, it is desirable to form the subconductor layer 6 
which was connected with the Bahia hall 4 which forms the side attachment wall of a waveguide 
track among the initiative body whorls 2 and 3, and was formed in parallel with the initiative body 
whorls 2 and 3. If it sees from the interior of a waveguide track by formation of this subconductor 
layer 6, since the side attachment wall of a track becomes the shape of a fine grid by the Bahia hall 4 
and the subconductor layer 6, it can heighten the shielding effect of the electromagnetic wave from a 
track. 

[0020] Moreover, according to this invention, the slot hole 7 which does not form a conductor at 
least in one side among the initiative body whorls 2 and 3 in the above-mentioned dielectric- 
waveguide track is formed. This slot hole 7 is formed in the part which faces the field A in the 
waveguide track of an initiative body whorl as a long hole, and according to drawing 1 , it is formed 
so that the longitudinal direction of the slot hole 7 may become the direction of a waveguide track, 
and parallel. And a microstrip line 8 is formed in the location which stands face to face against the 
slot hole 7 formed in the initiative body whorl 2 as the RF transmission line, and the electromagnetic 
coupling of the waveguide track 5 and the microstrip line 8 is carried out through this slot hole 7. 
[0021] In this joint structure, if a in the dielectric-waveguide track 5 and b are made the relation of 
a**2b, it will become structure similar to the waveguide which spreads TE10 which makes the 
vertical side of a dielectric 1 the field which becomes electric field and parallel as the dominant 
mode, and the mode near a TEM wave will spread in the microstrip line 8 in the joint structure of 
drawing 1 . Therefore, if wavelength of the electromagnetic wave made to spread is specifically set 
to lambda, and the longitudinal direction die length of about lambda/4 and the slot hole 7 is made 
about into lambda/2, the electromagnetic coupling of the die length from the core of the slot of a 
microstrip line 8 to a track edge can be carried out to the waveguide track 5. 
[0022] Drawing 2 (b) which is the X-X' sectional view of drawing 2 (a) which is the top view of 
above-mentioned drawing 1 and drawing 1 , and drawing 2 (a) is the joint structure by the TE10 
mode of a microstrip line 8 and the waveguide track 5, and this RF transmission line 8 is formed so 
that it may see superficially and the direction of the transmission line may intersect a right angle in 
the center section of the waveguide track to the longitudinal direction of the slot hole 7. And if die- 
length d with the edge of a microstrip line 8 and the waveguide track 5 is made about into lambda/4, 
with the electric wave which progressed to above [ of drawing ], the electric wave (electric wave to 
which drawing progressed caudad) which was reflected at the end and became an opposite phase will 
be in phase, and will be added, and a good property will be acquired. 

[0023] Moreover, drawing 3 is the joint structure by the TM1 1 mode of a microstrip line 8 and the 
waveguide track 5. As shown in the top view of drawing 3 (a), and the Y-Y' sectional view in 
drawing 3 (a), it is formed so that the longitudinal direction of the slot hole 7 may become right- 
angled to the direction of a track of the dielectric- waveguide track 5, and it is formed so that the 
direction of the transmission line may intersect a right angle in the center section of the waveguide 
track to the longitudinal direction of the slot hole 7 in a microstrip line 8. And if die-length e of the 
slot hole 7 and the edge of the waveguide track 5 is made about into lambda/4, a good property will 
be acquired like the case in the TE10 mode. 

[0024] It is combined electromagnetic by the structure shown in drawing 1 thru/or drawing 3 , and 
the transfer of the signal between both line ways of a dielectric-waveguide track and a microstrip line 
is attained according to it. And the microstrip line formed in the front face of the above-mentioned 
wiring substrate, and IC component and the RF component mounted in the wiring substrate front 
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face are electrically connected as a wiring substrate, and the transfer of a signal with IC component 
or the RF transmission line of a RF waveguide track is attained through a microstrip line according 
to drawing 1 thru/or junction structure with that of drawing 3 . 

[0025] Next, drawing 4 shows the joint structure by the TE10 mode of a waveguide track and a 
KOPURENA track, (a) is a top view and (b) is the X-X f sectional view. According to drawing 4 , the 
slot hole 9 which becomes the initiative body whorl 2 from a long hole is formed in the direction 
where a longitudinal direction is parallel to the direction of a track of the waveguide track 5. 
Moreover, the KOPURENA track 9 is formed in the initiative body whorl 2 in which the SUROTSU 
hole 9 was formed, and it is connected so that it may intersect perpendicularly with the slot hole 9 
formed in the initiative body whorl 2. 

[0026] Moreover, drawing 5 shows the joint structure by the LSE mode of a waveguide track and a 
KOPURENA track, (a) is a top view and (b) is the Y-Y* sectional view. According to drawing 5 , the 
slot hole 9 which becomes the initiative body whorl 2 from a long hole is formed in the direction 
where a longitudinal direction is perpendicular to the direction of a track of the waveguide track 5. 
Moreover, the KOPURENA track 10 is formed in the initiative body whorl 2 in which the 
SUROTSU hole 9 was formed, and it is connected so that it may intersect perpendicularly with the 
slot hole 9 formed in the initiative body whorl 2. 

[0027] It is combined electromagnetic by the structure shown in drawing 4 and drawing 5 , and the 
transfer of the signal between both line ways of the dielectric-waveguide track 5 and the 
KOPURENA track 10 is attained according to it. And as a wiring substrate, the above-mentioned 
KOPURENA track is electrically connected with IC component or a RF component, and the transfer 
of a signal of a RF waveguide track is attained through a KOPURENA track according to junction 
structure with said KOPURENA track. 

[0028] Since it becomes a dielectric waveguide, when specific inductive capacity of a dielectric 1 is 
set to epsilon according to the above-mentioned waveguide track, waveguide size is l/epsilonl/2 of 
the usual waveguide. It becomes magnitude. Therefore, waveguide size can be made small and 
becomes the multilayer-interconnection substrate with which wiring is formed in high density, or 
magnitude available as the transmission line of a semiconductor package, so that an ingredient with 
large specific inductive capacity constitutes a dielectric 1 . 

[0029] Although it does not especially limit if it has the property which functions as a dielectric and 
does not bar transfer of a RF signal as a dielectric 1 in this invention, as for a dielectric 1, from the 
point of the precision at the time of forming a track, and the ease of manufacture, consisting of 
ceramics is desirable so that it may mention later. 

[0030] Although the ceramics which has various specific inductive capacity as dielectric ceramics 
until now is known, in order to transmit the signal of a RF on the waveguide track of this invention, 
as for the dielectric ceramics, it is desirable that they are paraelectrics. Generally this is because as 
for the ferroelectric ceramics dielectric loss becomes and transmission loss becomes large in a RF 
field. Therefore, four to about 100 are suitable for the specific inductive capacity of a dielectric 
substrate. 

[0031] Moreover, when it uses so that the upper part may become the electromagnetic-field 
distribution rolled in parallel with an H plane, i.e., the field of the upper and lower sides of a field, 
using the ingredient of specific inductive capacity 100 since the line breadth of the wiring layer 
generally formed in a wiring substrate or a package was 1mm at the maximum, the minimum 
frequency which can be used is computed with 15GHz, and becomes available even in a microwave 
range. On the other hand, although resin is generally used as a dielectric substrate, since specific 
inductive capacity is about about two, when line breadth is 1mm, it cannot be used unless the 
dielectric which consists of this resin is about 100GHz or more. 

[0032] Moreover, all paraelectrics are not available although there is much what has a very small 
dielectric dissipation factor in such paraelectrics ceramics like an alumina and a silica. In the case of 
a waveguide, there is almost no loss by the conductor and most loss at the time of a signal 
transmission is loss by the dielectric. The loss alpha by the dielectric (dB/m) is expressed as follows. 
[0033] 

alpha=27.3andtandelta/lambda/{l-(lambda/lambdac) 2} One half Inside of a formula, tandelta: 
Dielectric dissipation factor lambda of a dielectric : The wavelength in a dielectric, lambdac : When 
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it applies to the rectangular waveguide (WRJ series) configuration by which cutoff wave length 
standardization was carried out, it is {l-(lambda/lambdac) 2} 1/2 of several 1 inside. It is about 0.75. 
Therefore, in order to carry out to below the transmission loss -100 (dB/m) that may ** to practical 
use, it is required to choose a dielectric so that relation with the two following may be materialized. 
[0034] f is a frequency (GHz) to be used among f-epsilon 1/2, and tandelta<=0.8 type. 
[0035] The dielectric- waveguide track shown in drawing 1 thru/or drawing 5 is easily producible by 
the same approach as a ceramic multilayering technique. For example, a sheet-like Plastic solid 
(green sheet) is produced for the ceramic powder which can form a dielectric 1 by the doctor blade 
method or the rolling-out method. 

[0036] And the Bahia hall which prints metallizing ink according to the conductor pattern of each 
class according to each layer, and forms the side-attachment-wall section of a dielectric-waveguide 
track is formed with punching, laser, etc. to the green sheet, and it is filled up with metallizing ink in 
the hole. Thus, the waveguide track and wiring substrate of this invention can be formed by an 
initiative body whorl, a subconductor layer, and the Bahia hall carrying out alignment of the green 
sheet of formation **** plurality, carrying out a laminating, and carrying out coincidence baking of 
these. 

[0037] When manufacturing with this coincidence baking technique (for example, when the 
dielectric ceramics is an alumina), an initiative body whorl, a subconductor layer, the Bahia hall, and 
the RF transmission line are formed with refractory metals, such as W and Mo, and, in the case of 
glass ceramics etc., the dielectric ceramics should just form an initiative body whorl, a subconductor 
layer, the Bahia hall, and the RF transmission line with copper, silver, etc. 
[0038] 

[Effect of the Invention] According to the waveguide track of this invention, by forming a slot hole 
in a part of initiative body whorl, an electromagnetic coupling can be easily carried out to other RF 
transmission lines, and transfer of a signal is attained as explained in full detail above. And by being 
able to apply the conventional ceramic laminating technique, and being able to produce easily, and 
using the ceramics with high specific inductive capacity, the waveguide track and wiring substrate 
which have this structure can be enough applied to a multilayer-interconnection substrate, a 
semiconductor package, etc. of high density wiring, and can form the waveguide track of the 
property stabilized from the microwave to the millimeter wave. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1 ] It is an outline perspective view for explaining the joint structure in the TE10 mode of 
the waveguide track and microstrip line in this invention. 

[Drawing 2] They are the (a) top view of the joint structure of drawing 1 , and the X-X' sectional 
view of (b) and (a). 

[Drawing 3] They are the (a) top view for explaining the joint structure in the TM1 1 mode of the 
waveguide track and microstrip line in this invention, and the Y-Y' sectional view of (b) and (a). 
[Drawing 4] They are the (a) top view for explaining the joint structure in the TE10 mode of the 
waveguide track and KOPURENA track in this invention, and the X-X* sectional view of (b) and (a). 

[Draw ing 5] They are the (a) top view for explaining the joint structure in the TM1 1 mode of the 
waveguide track and KOPURENA track in this invention, and the Y-Y' sectional view of (b) and (a). 

[Description of Notations] 

1 Dielectric Substrate 

2 Three Initiative body whorl 

4 Bahia Hall 

5 Waveguide Track 

6 SubConductor Layer 

7 Nine Slot hole 

8 Microstrip Line 

10 KOPURENA Track 
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DRAWINGS 
[Drawing 1] 
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[Drawing 5] 
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